ABSTRACT -In this study, we determined the amount of carnosine and anserine in water buffalo meat without hanging treatment and the free amino acid profile by using amino acid analyser with post-column ninhydrin derivatization procedure. The main free amino acids present in samples were glutamic acid (>60 mg/100 g), followed by alanine, glycine, and arginine. Other protein amino acids were detected in minor amounts (less than 2 mg/100 g). Among the non-protein amine-containing compounds, taurine and urea were the most abundant. The analysis showed that 50% of the total free amino acids was represented by dipeptides carnosine (average ~130.3 mg/100 g) and anserine (average ~17.9 mg/100 g). Thus, this study for the first time reports the free amino acids profile of water buffalo meat and the content of carnosine and anserine, potentially involved in the darkening meat process and their ratio, that could be used to estimate the water buffalo meat portion in mixed meat products.
Introduction
Water buffalo (Bubalus bubalis L.), a large-ruminant animal, plays an important role in human nutrition (Borghese, 2011) , as a source of milk and raw meat. The breeding expansion of this species in the world has been encouraged because of its ability to adapt to various climatic conditions, greater digestibility of poor quality pasture, and faster growth, making it a versatile and useful species for sustainable livestock production (Naveena and Kiran, 2014) .
Meat produced by buffaloes has gained increased popularity in Africa and several south-eastern and middleeastern Asian countries. In terms of composition, quality, and organoleptic characteristics, water buffalo meat is almost similar to cattle meat (beef), while at the same time appreciated for lower fat, cholesterol, and calories (Infascelli et al., 2003) . Based on these properties, the nutritional quality of buffalo meat can be considered of great interest, also for the possibility of development of value-added meat products. Furthermore, water buffalo is very well known thanks to its milk used for the production of "mozzarella", a typical Italian cheese renowned worldwide (European Commission, 1998) , providing a valuable source of economic development for this region.
In this scenario, in Italy, the continued milk demand for mozzarella production has extensively increased water buffalo breeding, whereas only recently have Italian stockbreeders strived to also make attractive buffalo meat, derived from male animals, as an alternative to the bovine one. A problem encountered by Italian consumers is the brown colour of buffalo meat compared with beef. Indeed, the colour of fresh meat is an important property that influences its market value and the purchase decision of the consumer (Liu et al., 1996; Mancini and Hunt, 2005) . Many researchers report that the meat colour depends on diet of animals, glycogen storage, chilling rate, or antioxidant accumulation (Castellano et al., 2009 ), all of which can relate to physicochemical parameters such as pH, oxygen consumption, and metmyoglobin reducing activity (Suman and Joseph, 2013; Dosi et al., 2006; Giaretta et al., 2013) . Moreover, several studies have indicated a possible correlation between meat colour and carnosine and anserine content in livestock meats. Carnosine and anserine are the most abundant compounds in the non-protein nitrogen fraction of vertebrate muscle tissue (Martignoni and Winnick, 1954) . The function of these dipeptides is not clearly defined; nevertheless, these molecules possess strong and specific antioxidant properties (Quinn et al., 1992) , and buffering activity during physical exercise (Suzuki et al., 2006; Culbertson et al., 2010) . At the same time, studies about meat have found that natural antioxidants, such as carnosine and anserine, influence the meat colour, though the mechanism by which in particular carnosine inhibits the formation of metmyoglobin from myoglobin is unclear (Kohen et al., 1988 In this study, we report data on the free amino acid content of water buffalo meat after quick extraction in ethanol followed by sulfosalicylic acid precipitation from three different Campania abattoirs without meat hanging treatment. The free amino acid content extracted was determined by cation exchange liquid chromatography and post-column ninhydrin derivatization. Also the contents of carnosine and anserine dipeptides were determined using the same procedure.
Material and Methods
Sulfosalicylic acid, ethanol and standard amino acids were from Sigma-Aldrich (Milan, Italy). All chemicals and solvents for the automated amino acid analysis were obtained from Biochrom (Cambridge, UK). The internal standard (nor-leucine) was purchased from Mann Research Laboratory (New York City, NY, USA). Carlo Erba Reagents (Milan, Italy) provided chemicals and solvents for the Kjeldahl method.
The meat samples (longissimus dorsi muscle) from male buffalo animals (ages between 15 and 16 months) without hanging treatment analysed for the characterization of water buffalo (B. bubalis) were collected from three different Campania (Southern Italy) abattoirs. The muscle was quickly withdrawn from the butchered animal and, then, each sample was powdered with porcelain mortar and pestle (i.d. 130 mm, 320 mL) in liquid N 2 , until particles of homogeneous size were obtained. Samples were then transferred to 50 mL polypropylene bottles (Falcon, Becton Drive, Franklin Lakes, NJ, USA), covered with silver paper and stored at −80 °C until use (Devine et al., 1996) .
To calculate the total protein content: nitrogen concentration was obtained by using the Kjeldahl method (AOAC_976. 05, 2000) , and the total protein content was estimated using a nitrogen factor of 6.25. Samples (about 1.0 g) were analysed using a Mineral Six digester and an Auto Disteam semi-automatic distilling unit (VWR International PBI, Milam, Italy). For the total lipid content, sample aliquots (5.0 g) were lyophilized using a FTSSystem Flex-Dry™ instrument (SP Scientific, Stone Ridge, NY USA). The materials, extracted by the Soxhlet apparatus with CHCl 3 for 4 h, were dried using a rotary evaporator to obtain the lipid extracts, which were weighed giving the amount of extracted fat. To obtain the water content, a sample (2.0 g) was dried in a thermostatically controlled oven at temperatures of 98-100 °C until the constant weight was obtained (AOAC_953. 07, 2000) .
For the analysis of free amino acids, aliquots of frozen powdered meat samples (100 mg) were precipitated with 80% cold ethanol (1.0 mL), in the presence of nor-leucine (50 nmol) as internal standard, homogenized with a Teflon ® pestle, and centrifuged at about 14000 g, at 4 °C (Iriti et al., 2009) . The supernatant was lyophilized, treated with 3% sulfosalicylic acid (500 μL) to precipitate any protein fraction still present, and centrifuged again (Di Maro et al., 2011) . A suitable amount of sample (generally 6.25 or 25 µL) of this extract was directly analysed. Each sample was individually prepared and analysed in triplicate.
A Biochrom30 (Cambridge, UK) amino acid analyser, equipped with a polyvinyl sulfonate cationic-exchange column for physiological fluids, a post-column ninhydrin derivatization system, and a two-channel detection system set at 570 and 440 nm (the second for proline and hydroxyproline) was used, adapting the Stein and Moore procedure (Stein and Moore, 1963) .
Analyses were repeated three times for each sample; the mean and standard deviation (SD) of experimental values are reported. The results were analysed statistically by employing the computer program GraphPad Prism version 5.0 (GraphPad Software, Inc., La Jolla, CA-USA). Data were subjected to statistic Tukey's HSD test to calculate the significance (P<0.05).
Results and Discussion
Moisture, protein, and lipid values of water buffalo from Campania region were similar to those reported in previously works. In particular, our results (Table 1) showed that the protein content (21.13 g/100 g) of water buffalo meat is similar to the 20.50 g/100 g reported by Fonseca et al. (2005) and the 20.39 g/100 g reported by USDA Food Composition Database (USDA, 2016), while they were slightly lower than the 23.43 g/100 g reported by Rey and Povea (2012) . The lipid content (1.69 g/100 g) is higher than the 0.52 g/100 g reported by Rey and Povea (2012) , but similar to the 1.75 reported by Fonseca et al. (2005) the 1.37 g/100 g reported by USDA Food Composition Database (USDA, 2016). Finally, moisture (74.23 g/100 g) was similar to the 74.26% reported by Rey and Povea (2012) . However, the data confirm that water buffalo meat has great advantages over beef for human consumption because of its protein content and lower fat content (Infascelli et al., 2003) , while in beef meat raw protein and lipid contents are on average 19.23 and 10.93 g/100 g, respectively (USDA, 2016) .
Comparing the free amino acid contents among the three abattoirs operating in Campania, no qualitative differences were observed, whereas quantitative differences were found. The total free amino acid contents for 100 g meat in abattoir-1, abattoir-2, and abattoir-3 were 155.79, 171.35, and 181.78 mg, respectively (Table 2) .
Glutamic acid was by far the most abundant among the free amino acids (about 40.90, 34.66, and 45 .76% for abattoir-1, abattoir-2, and abattoir-3, respectively). The alanine content was also quite abundant in the three different samples. Among the free amino acids, glycine, arginine, and asparagine were highly present, in descending order (≥2 mg for 100 g). All samples showed the presence of nonprotein amino acids. Their total amounts in abattoir-1, abattoir-2, and abattoir-3 were 3.36, 5.01, and 4.83 mg/100 g, respectively. Moreover, ethanolamine, β-alanine, and ornithine were the most abundant compounds obtained from the three different abattoirs. The amounts of essential amino acids (histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, valine, and tryptophan) in abattoir-1, abattoir-2, and abattoir-3 were 9.27, 10.36 and 8.52 mg/100 g, respectively.
Finally, taurine (2-aminoethanesulfonic acid) and urea contents in the three different samples were highly present, with 17.9% and 14.8% of the total, respectively.
However, despite these slight differences in amino acid amount among the sampled meat from abattoir-1, abattoir-2, and abattoir-3, the content of free amino acids in water buffalo meat without hanging treatment was substantially the same (Tables 1 and 2 ). By using a Biochrorm30 amino acid analyser physiological system, simultaneously to the free amino acid profile, it is possible to determine the content of some dipeptides such as carnosine (β-alanyl-L-histidine) and anserine (β-alanyl-N-methylhistidine). The total amounts of carnosine in abattoir-1, abattoir-2, and abattoir-3 were 124.73, 139.20, and 126.84 mg/100 g, respectively, whereas the content of anserine was 25.59, 14.22 and 13.79 mg/100 g, respectively (Figure 1 ). These data showed that the water buffalo meat contains more carnosine and less anserine, such as reported for beef and pork meats (Aristoy and Toldrà, 2004) . In particular, all these values are lower than those reported for the l. dorsi beef muscle as previously reported (Mateescu et al., 2012; Toldrà and Reig, 2012) , typically 372 and 66 mg/100 g of muscle for carnosine and anserine, respectively. Furthermore, the content of carnosine (average ~130.3 mg/100 g) and anserine (average ~17.9 mg/100 g) represents 50% of the total free amino acids, with a ratio of 7.3 fold higher for carnosine compared with anserine. The ratio obtained for the first time related to water buffalo meat without hanging treatment is interesting because it is specific to each species and could be used to identify products made from water buffalo meat as previously reported for other species (Huang and Kuo, 2000; Tinbergen and Slump, 1976) .
Finally, these analyses show that water buffalo meat is a source of carnosine, a natural anti-aging constituent of the human body (dose for anti-aging benefits 100 to 200 mg/die (Gariballa and Sinclair, 2000) ).
Conclusions
The carnosine and anserine contents in water buffalo meat are lower than those in beef, and thus there may be a possible correlation between the contents of these dipeptides and the faster darkening process of water buffalo meat, likely together with other physiological factors (e.g., myoglobin content, lipid peroxidation).
However, despite the lower content of carnosine, our study suggests that the water buffalo meat gives a good intake of this substance, an advantage to its known natural anti-aging capacity. 
